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ABSTRACT
The p r e s e n t  s t u d y  was d e s ig n e d  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  
between b e h a v i o r  and mechanisms I l im i t i n g  t h e  s i z e  o f  c o n f i n e d  p o p u la ­
t i o n s  o f  m ice .  The g e n e r a l  h y p o t h e s i s  was t h a t  a g g r e s s i o n ,  r e s u l t i n g  
f ro m  s o c i a l  i n s t a b i l i t y ,  may l i m i t  a p o p u l a t i o n ’ s g ro w th  e i t h e r  d i r e c t l y  
by i n t e r f e r i n g  w i t h  m a te r n a l  b e h a v i o r ,  o r  i n d i r e c t l y ,  b e in g  m e d ia te d  by 
p h y s i o l o g i c a l  responses  t o  s t r e s s .  The r e l a t i o n s h i p s  among s o c i a l  
s t r u c t u r e ,  a g g r e s s i o n ,  and mechanisms l i m i t i n g  p o p u l a t i o n  g ro w th  were 
s t u d i e d  s y s t e m a t i c a l l y  by v a r y i n g  t h e  r a t i o  o f  s e l e c t e d  and t r a i n e d  
a g g r e s s i v e  ma les  t o  s e l e c t e d  and t r a i n e d  s u b m is s i v e  males in a p o p u la ­
t i o n  and o b s e r v i n g  t h e  r e s u l t a n t  s o c i a l  s t r u c t u r e ,  l e v e l  o f  a g g r e s s i o n ,  
and g r o w t h .  A f t e r  t h e  p o p u l a t i o n s  had been assembled  f o r  t h r e e  months 
t h e  ma les were s a c r i f i c e d  and in s p e c te d  f o r  p h y s i o l o g i c a l  s i g n s  o f  
s t r e s s .
The main f i n d i n g s  o f  t h e  s t u d y  were :
1. The le v e l  o f  a g g r e s s i o n  e x h i b i t e d  by a p o p u l a t i o n  was a p o s i t i v e  
f u n c t i o n  o f  t h e  number o f  s e l e c t e d  a g g r e s s i v e  males w i t h i n  t h e  
p o p u l a t i o n ,  n o t  t h e  r e s u l t  o f  s o c i a l  i n s t a b i l i t y .
2.  Females in  t h e  more a g g r e s s i v e  p o p u l a t i o n s  t o o k  lo n g e r  t o  d e l i v e r  
t h e i r  f i r s t  I i t t e r s  t h a n  t h e  fe m a le s  in  t h e  le s s  a g g r e s s i v e  pop­
u l a t i o n s ,  l e n d in g  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  a g g r e s s i o n ,  
m e d ia te d  by p h y s i o l o g i c a l  mechan isms,  can s u p p re s s  r e p r o d u c t i v e  
a c t  i v i t y .
3.  Ma les  s e l e c t e d  f o r  t h e i r  a g g r e s s i v e n e s s  we ighed more t h a n  males 
s e l e c t e d  f o r  t h e i r  s u b m is s i v e n e s s .  The a g g r e s s i v e  males a l s o  
g a in e d  more w e i g h t  w h i l e  in  t h e  p o p u l a t i o n s  t h a n  d i d  t h e  s u b m is s ­
i v e  m a le s ,  even t h o u g h  more f i g h t i n g  o c c u re d  in  t h e  p o p u l a t i o n s  
h ou s in g  t h e  a g g r e s s i v e  m a le s .
4 .  The o n l y  b e h a v i o r a l  mechanism o b s e rv e d  t o  l i m i t  p o p u l a t i o n  g ro w th  
d i r e c t l y  was c a n n a b a l i s m ,  wh ic h  c o u l d  n o t  be a ccou n te d  f o r  on t h e  
b a s i s  o f  a g g r e s s i o n  a l o n e .
AGGRESSION AND GROWTH IN CONFINED MOUSE POPULATIONS
INTRODUCTION
P as t  r e s e a r c h  on c o n f i n e d  p o p u l a t i o n s  o f  sm a l l  mammals has i m p l i ­
c a te d  s o c i a l  b e h a v i o r  as p l a y i n g  an im p o r t a n t  r o l e  in d e t e r m i n i n g  n a t ­
a l  i t y  and m o r t a l i t y ,  b a s i c  components o f  p o p u l a t i o n  g r o w t h .  However,  
t h e  mechanisms t h a t  r e l a t e  b e h a v i o r  and p o p u l a t i o n  g ro w th  re m a in  o b ­
s c u r e .  The p r e s e n t  e x p e r im e n t  w i t h  c o n f i n e d  mouse p o p u l a t i o n s  o f  f i x e d  
s i z e  and p r e d e te r m in e d  c o m p o s i t i o n  was d es igne d  t o  h e lp  d e f i n e  t h e s e  
m e d i a t i n g  mechan isms,  and t o  c l a r i f y  t h e  r e l a t i o n s h i p s  between b e h a v i o r  
and p o p u l a t i o n  g r o w t h .
P o p u l a t i o n s  o f  m ice  c o n f i n e d  t o  a s e t  a rea  w i t h  u n l i m i t e d  fo o d  
and w a t e r  do n o t  m u l t i p l y  i n d e f i n i t e l y .  U s u a l l y  a p o p u l a t i o n  reaches  
a s y m p to te  ( c e s s a t i o n  o f  g r o w t h )  f a r  below t h e  n u m e r ic a l  l e v e l  t h a t  
wou ld e x h a u s t  t h e  a v a i l a b l e  space .  Wide v a r i a t i o n s  o f  t h e  number o f  
a n i m a l s  p r e s e n t  a t - a s y m p t o t e  among p o p u l a t i o n s  c o n f i n e d  und e r  s i m i ­
l a r  p h y s i c a l  c o n d i t i o n s  i n d i c a t e s  t h a t  t h e  b e h a v i o r a l  and p h y s i o l o g i ­
ca l  mechanisms r e g u l a t i n g  p o p u l a t i o n  g ro w th  a re  n o t  d i r e c t l y  r e l a t e d  
t o  t h e  n u m e r ic a l  l e v e l  o f  t h e  p o p u l a t i o n ,  i . e . ,  g ro w th  i s  n o t  depen­
d en t  on d e n s i t y  p e r  s e . T a b le  I l i s t s  s e v e r a l  t y p i c a l  s t u d i e s ,  I n d i c a ­
t i n g  f o r  each t h e  a re a s  used and t h e  range  in  s i z e  a t  a s y m p to te  o f  t h e  
e x p e r im e n t a l  p o p u l a t i o n s .
S in c e  t h e  s e v e r a l  p o p u l a t i o n s  o f  each s tu d y  were m a i n t a i n e d  in 
i d e n t i c a l  c o n d i t i o n s  o f  t h e  p h y s i c a l  e n v i r o n m e n t ,  t h e  v a r i a t i o n  in 
f i n a l  s i z e  ( T a b le  i )  i n d i c a t e s  t h a t  f a c t o r s  i n t r i n s i c  t o  t h e  p o p u la ­
t i o n s  were o p e r a t i n g  t o  b r i n g  a b o u t  a c e s s a t i o n  o f  g ro w th  w i t h o u t  a
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c o n s i s t e n t  r e l a t i o n s h i p  t o  t h e  number o f  a n i m a l s  p r e s e n t .  A l t h o u g h  
t h e  dynamics o f  each p o p u l a t i o n  seem t o  v a r y  w i t h  t h e  p a r t i c u l a r  s t r a i n  
em p loyed ,  t h e  common f a c t o r  p r o d u c in g  t h e  c e s s a t i o n  o f  g ro w th  in  each 
o f  t h e s e  s t u d i e s  was t h e  l a c k  in  p r o d u c t i o n  o f  a d u l t  a n i m a l s ,  e i t h e r  
because o f  a t o t a l  absence o f  r e p r o d u c t i v e  a c t i v i t y ,  o r  a f a i l u r e  o f  
o f f s p r i n g  t o  s u r v i v e  t h r o u g h  i n f a n c y .
S eve ra l  mechanisms have been p roposed  t o  a c c o u n t  f o r  t h i s  f a i l u r e  
t o  add t o  t h e  a d u l t  p o p u l a t i o n .  C h r i s t i a n  (1963 ,  1965),  r e v i e w i n g  a 
number o f  s t u d i e s ,  p r e s e n t s  c o n s i d e r a b l e  e v id e n c e  t h a t  s t r e s s , b r o u g h t  
a b o u t  by s o c i a l  c o m p e t i t i o n ,  a c t i v a t e s  t h e  p i t u i t a r y - a d r e n a 1-gona da I  
sys tem in  ways t h a t  d ec rea se  t h e  n a t a l i t y  r a t e  and i n c r e a s e  t h e  mor­
t a l i t y  r a t e .  S u p p o r t  f o r -  C h r i s t i a n f s c o n c e p t  comes f rom  a number o f  
s t u d i e s  ( c f .  C h r i s t i a n  1963, 1965),  d e m o n s t r a t i n g  t h a t  p o p u l a t i o n s
a p p r o a c h in g  a s y m p to te  e x h i b i t  a p r o g r e s s i v e  i n h i b i t i o n  o f  r e p r o d u c t i v e
a c t i v i t y .  D im in i s h e d  r e p r o d u c t i v e  f u n c t i o n  in t h e  fe m a le  was a p p a r e n t  
a t  one o r  a l l  phases o f  r e p r o d u c t i v e  a c t i v i t y :  i n h i b i t i o n  o f  e s t r u s ,
reduced numbers o f  im p la n te d  o v a ,  i n c r e a s e d  i n t r a - u t e r i n e  m o r t a l i t y ,  
and i n c r e a s e d  i n f a n t  m o r t a l i t y  due t o  f a i l u r e  o f  l a c t a t i o n .  I n h i b i ­
t i o n  o f  ma le  r e p r o d u c t i v e  a b i l i t y  was r e f l e c t e d  in  t h e  d e c r e a s in g  
w e i g h t s  o f . t h e  t e s t e s ,  sem ina l  v e s i c l e s ,  and p r e p u t i a l s .
A l t h o u g h  in c r e a s e s  in  p o p u l a t i o n  d e n s i t y  u s u a l l y  r e s u l t  in  i n ­
c re a s ed  a d r e n o c o r t i c a I  f u n c t i o n ,  an i m p o r t a n t  v a r i a b l e  d e t e r m i n i n g  en ­
d o c r i n e  response  a ppe a rs  t o  be t h e  i n c r e a s e d  a g g r e s s i o n  accompany ing 
p o p u l a t i o n  g ro w th  ( C l a r k e ,  1953; S o u th w ic k  and B land , -  1959; Bronson 
and E l e f t h e r i o u ,  1963).  O th e r  f a c t o r s  wh ich  have been r e p o r t e d  t o  
c o r r e l a t e  p o s i t i v e l y  w i t h  a g g r e s s i o n  a re  a b e r r a n t  m a te r n a l  b e h a v i o r ,  
c a n n a b a i i s m ,  abandonment o f  t h e  -young, and s c a t t e r i n g ,  t r a m p l i n g ,  and
5c r u s h i n g  o f  t h e  l i t t e r s .  A l t h o u g h  t h e s e  b e h a v i o r a l  v a r i a b l e s  can 
e f f e c t i v e l y  l i m i t  p o p u l a t i o n  g r o w t h ,  t h e y  do n o t  a pp e a r  t o  be t h e  r e s u l t  
o f  any p h y s i o l o g i c a l  a d a p t i v e  mechanism re s p o n d in g  t o  in c re a s e d  s t r e s s .
P e t r u s e w ic z  (1963)  s u g g e s ts  t h a t  t h e  p o i n t  a t  wh ich  a p o p u l a t i o n  
w i l l  cease t o  grow i s  dependen t  upon t h e  " e c o l o g i c a l  s t r u c t u r e " ,  based 
on s o c i a l  h i e r a r c h y  and f i g h t s  among m a les .  He emphas izes  b e h a v i o r a l  
mechanisms in  p o p u l a t i o n  c o n t r o l :
"The  s i m p l e s t  i s  t h e  mechanism t h a t  a b o l i s h e s  s u r v i v a l  o f  
l i t t e r s .  I t  I s  r e l e a s e d  by n o n c o m p e t i t i v e  f i g h t s  among m a le s ,  
w h ich  become e m i n e n t l y  numerous d u r i n g  peaks ,  i . e . ,  d u r i n g  
o v e r c r o w d i n g . . .  The in c r e a s e d  number o f  f i g h t s  among ma ies  
t r i g g e r s ,  as i t  w e re ,  a number o f  p ro c e s s e s ;  f i g h t s  between 
f e m a l e s ,  l a c k  o f  c a r e  f o r  t h e  young (w h ic h  a re  o f t e n  seen o u t ­
s i d e  t h e  n e s t ) ,  t r a m p l i n g  (and c r u s h i n g )  o f  l i t t e r s ,  and f r e ­
q u e n t l y  g e n e ra l  c a n n a b a i i s m . "  ( P e t r u s e w i c z ,  1963, p.  119).
S o u th w ic k  (1955a ,  1955b) f ou nd  p oo r  l i t t e r  s u r v i v a l  t o  be t h e  m a jo r  
c o n t r o l l i n g  mechanism o f  h i s  c o n f i n e d  p o p u l a t i o n s  o f  w i l d  house m ic e ,  
w i t h  l i t t e r  m o r t a l i t y  r e a c h in g  100% as a g g r e s s i v e  b e h a v i o r  approached 
one f i g h t  p e r  h ou r  p e r  mouse.  Louch ( 1 9 5 6 ) ,  w o r k i n g  w i t h  meadow v o l e s ,  
no ted  t h a t  as a s y m p to te  was a p p ro a c he d ,  abandonment and c o ns u m p t io n  o f  
t h e  young in c r e a s e d  as d i d  a g g r e s s i v e  b e h a v i o r .  Brown (1953) a l s o  
no ted  a b e r r a n t  m a te r n a i  b e h a v i o r  in  h i s  p o p u l a t i o n s ,  wh ich  he a t t r i b ­
u te d  t o  a breakdown in  t h e  f e m a l e ’ s a b i l i t y  t o  de fend  h e r  n e s t  unde r  
c o n d i t i o n s  o f  i n c r e a s e d  c r o w d in g  and u n s t a b l e  s o c i a l  h i e r a r c h i e s .
Brown (1953) and S o u th w ic k  (1955b) have bo th  p o i n t e d  o u t  t h a t  in  
an a p p a r e n t l y  w e l l  s t a b i l i z e d  h i e r a r c h y  o f  m ice  t h e r e  i s  a r e l a t i v e l y  
low le v e l  o f  f i g h t i n g ,  b u t  when s h i f t s  o r  d i s r u p t i o n s  in  t h e  s o c i a l  
s t r u c t u r e  o c c u r ,  as t ho u gh  t h e  m a t u r a t i o n  o f  new i n d i v i d u a l s ,  an i n ­
c re a s e  in  f i g h t i n g  Is  o b s e r v e d .  A g g r e s s i v e  i n t e r a c t i o n s ' a p p a r e n t  Iy 
f u n c t i o n  t o  d e t e r m i n e  and m a i n t a i n  a s o c i a l  h i e r a r c h y  w i t h i n  t h e  popu-
6l a t i o n  (Col l i a s ,  1944; U h r i c h ,  1938).  Mice  f r e q u e n t l y  d i s p l a y  a 
" m o n o a r c h i s t i c "  t y p e  o f  s o c i a l  o r d e r  in  wh ich  one d om ina n t  ma le  te n d s  t o  
i n h i b i t  a g g r e s s io n  among a l l  o t h e r  s u b o r d i n a t e  males In a g roup  
( S c o t t  and F r e d e r i c s o n ,  1951).  U h r i c h  (1938) n o tes  t h a t  a l i n e a r  t y p e  
o f  s o c i a l  h i e r a r c h y ,  o r  " p e c k i n g  o r d e r "  i s  a l s o  common.
An h y p o t h e s i s  c o n s i s t e n t  w i t h  t h e  above d i s c u s s i o n  i s  t h a t  ag­
g r e s s i o n ,  r e s u l t i n g  f rom  s o c i a l  i n s t a b i l i t y ,  may l i m i t  p o p u l a t i o n  g ro w th  
e i t h e r  d i r e c t l y ,  by i n t e r f e r i n g  w i t h  m a t e r n a 1 b e h a v i o r , o r  i n d i r e c t l y ,  
be ing  m e d ia te d  by t h e  a c t i v a t i o n  o f  t h e  p i t u i t a r y - a d r e n a I - g o n a d a I  s y s ­
tem. T here  a r e ,  however,  some o b s e r v a t i o n s  wh ich  .do n o t  seem t o  sup ­
p o r t  t h i s  h y p o t h e s i s .  C h r i s t i a n  (1956 ,  1959) and S t r e c k e r  and Emlen 
(1953) foun d  no d i r e c t  r e l a t i o n s h i p  between p o p u l a t i o n  a s y m p to te  and 
a g g r e s s i v e ' b e h a v i o r .
These c o n f l i c t i n g  o b s e r v a t i o n s  can be b r o u g h t  i n t o  l i n e  by p o s t u ­
l a t i n g  t h a t  s t r e s s  i s  n o t  a f u n c t i o n  o f  p h y s i c a l  f i g h t i n g  p e r  s e , as 
much as o f  t h e  p e r c e i v e d  t h r e a t  o r  d anger  In t h e  s i t u a t i o n  ( p e r c e i v e d  
t h r e a t  b e in g  d ependen t  upon p a s t  e x p e r i e n c e  w i t h  a g g r e s s i v e  e n c o u n t e r s ) .  
T h ie s s e n  and Rodgers (1 961 )  r e v ie w  and d i s c u s s  some o f  t h e  e a r l i e r  
s t u d i e s  on p s y c h o l o g i c a l  s t r e s s  and i t s  r e l a t i o n  t o  s o c i a l  r a n k ,  sug ­
g e s t i n g  t h a t  s o c i a l  r a n k  i s  an i m p o r t a n t  f a c t o r  in  d e t e r m i n i n g  endo­
c r i n e  re s p o n s e .  In a more r e c e n t  s t u d y ,  Bronson and E l e f t h e r i o u  (1965) 
have shown t h a t  m ice  wh ich  had p r e v i o u s l y  e x p e r i e n c e d  p h y s i c a l  d e f e a t  
by a f i g h t e r  showed a much g r e a t e r  a d r e n a l  re sponse  t o  t h e  f i g h t e r f s 
p re s en c e  ( w i t h o u t  d i r e c t  p h y s i c a l  c o n t a c t )  t h a n  d i d  m ice  n o t  h a v in g  
e x p e r i e n c e d  d e f e a t ,  wh ic h  s u g g e s ts  t h a t  p s y c h o l o g i c a l  s t r e s s '  may be 
an i m p o r t a n t  m e d i a t o r  between a g g r e s s io n  and p h y s i o l o g i c a l  mechanisms 
l i m i t i n g  p o p u l a t i o n  g r o w t h .
In most  f i g h t s  t h e  mice  do n o t  seem t o  f i g h t  o v e r  t h e  p o s s e s s io n  
o f  any o b j e c t ,  and S c o t t  and F r e d e r i c s o n  (1951) have te rm ed  t h i s  "n o n ­
c o m p e t i t i v e  f i g h t i n g " .  The a g g r e s s i v e  t e n d e n c i e s  o f  m ice  may be i n ­
f l u e n c e d  by g e n e t i c  makeup ( G in s b u r g  and A l l e e ,  1942; S c o t t ,  1942),  
hormonal  b a la n c e  (Beeman, 1947),  i n f a n t i l e  e x p e r i e n c e  ( F r e d e r i c s o n ,
1951; Kahn, 1954),  and l e a r n i n g  in  l a t e r  l i f e  (G in s b u r g  and A l l e e ,  1942 
U h r i c h ,  19 4 0 ) .  I n d i v i d u a l  m ice  may be c o n d i t i o n e d  t o  be le ss  a g g r e s s ­
i v e  as a r e s u l t  o f  s u b j e c t i n g  them t o  re p e a te d  d e f e a t s ,  o r  t h e y  can be 
made more a g g r e s s i v e  as t h e  r e s u l t  o f  c o n t i n u e d  v i c t o r i e s  o v e r  s u b m is s ­
iv e  m ic e .  Both  t y p e s  o f  c o n d i t i o n i n g  a f f e c t  t h e  a b i l i t y  o f  a g i v e n  
mouse t o  s e c u r e  and m a i n t a i n  h ig h  s o c i a l  s t a t u s  (G in s b u r g  and A l l e e ,  
1942; S c o t t ,  1944).
The above a n a l y s i s  leads  t o  t h e  f o l l o w i n g  h y p o th e s e s :  s o c i a l
s t r u c t u r e ,  a g g r e s s i o n ,  s t r e s s ,  and mechanisms l i m i t i n g  p o p u l a t i o n  
g ro w th  a r e  a l l  depe nde n t  upon t h e  r e l a t i o n s h i p s  fo rmed between dom i­
n a n t  and s u b o r d i n a t e  i n d i v i d u a l s .  These r e l a t i o n s h i p s  can be s t u d i e d  
s y s t e m a t i c a l l y  by v a r y i n g  t h e  r a t i o  o f  s e l e c t e d  and t r a i n e d  a g g r e s s i v e  
males  t o  s e l e c t e d  and t r a i n e d  s u b m i s s i v e  males in  a p o p u l a t i o n ,  and 
o b s e r v i n g  t h e  r e s u l t a n t  s o c i a l  s t r u c t u r e ,  l e v e l  o f  a g g r e s s i o n ,  and 
g r o w t h .
In o r d e r  t o  t e s t  t h e s e  h y p o th e s e s ,  t h r e e  t y p e s  o f  p o p u l a t i o n s  were 
assem b le d :  one i n  w h ich  a l l  t h e  ma les were s e l e c t e d  and t r a i n e d  f o r
a g g r e s s i v e n e s s ,  a n o t h e r  in  w h ich  a l l  t h e  ma les  were s e l e c t e d  and t r a i n ­
ed f o r  s u b m i s s i v e n e s s ,  and a n o t h e r  In  w h ich  t h e r e  was a s i n g l e  a g g r e s s ­
iv e  ma le  w i t h  t h e  o t h e r  ma les  s e l e c t e d  and t r a i n e d  f o r  s u b m is s i v e n e s s .  
These p o p u l a t i o n s  were o b s e rv e d  d a i l y  f o r  t h r e e  mon ths .  A t  t h e  end o f  
t h i s  p e r i o d  t h e  males were i n s p e c t e d  f o r  p h y s i o l o g i c a l  s i g n s  o f  s t r e s s .
METHOD
SUBJECTS
Each p o p u l a t i o n  c o n s i s t e d  o f  t h r e e  male  and t h r e e  fem a le  m ic e ,  
o b t a i n e d  f rom  a c o lo n y  e s t a b l i s h e d  in  1964 w i t h  20 p a i r s  o f  C57BL/6J 
mice  f ro m  t h e  Roscoe B. Jackson  Memoria l  L a b o r a t o r y .
APPARATUS
The mice  were r a i s e d ,  i s o l a t e d ,  and t r a i n e d  in  s t a n d a r d  l a b o r a ­
t o r y  cages .  Cage d im e n s io n s  were 29 x 19 x 13 cms. The m ice  were 
th e n  assembled i n t o  p o p u l a t i o n  boxes o f  t r a n s p a r e n t  p l a s t i c .  Each 
p o p u l a t i o n  box c o n t a i n e d  a p p r o x i m a t e l y  800 cm o f  f l o o r  space .  Food 
and w a t e r  were s u p e ra b u n d a n t  a t  a l l  t i m e s ,  w i t h  each cage e q u ip e d  w i t h  
a w a t e r  b o t t l e  and fo o d  b a s k e t  suspended f rom  t h e  c e i l i n g .  Commercia l  
beddIng.  m a t e r i a  I ( S a n i - C e l )  was p la c e d  in  a l l  ca g e s .  Males were i n d i ­
v i d u a l l y  marked w i t h  a commerc ia l  d e p i l a t o r y  ( N e e t ) .  Females were i n ­
d i v i d u a l l y  e a r  punched.
PROCEDURE
Group I .  -  T w e n ty - s e v e n  male  m ice  were  weaned a t  21-29  days and 
i s o l a t e d  in  i n d i v i d u a l  cages f o r  f o u r  weeks.  The pu rp o se  o f  i s o l a t i n g  
t h e  ma les d u r i n g  m a t u r a t i o n  was t o  p r e v e n t  t h e  f o r m a t i o n  o f  d o m in a n t -  
s u b o r d i n a t e  r e l a t i o n s h i p s  t h a t  were n o t  unde r  t h e  c o n t r o l  o f  t h e  e x ­
p e r i m e n t e r .  I s o l a t i o n  Is  a l s o  i m p o r t a n t  t o  t r a i n i n g  in  v i c t o r y  and 
d e f e a t ,  as m ice more r e a d i l y  f i g h t  a f t e r  a p e r i o d  o f  i s o l a t i o n  f rom
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9o t h e r  m ice  (G in s b u r g  and A l l e e ,  1942).  F o l l o w i n g  i s o l a t i o n ,  s e l e c ­
t i o n  and t r a i n i n g  p r o c e d u r e s  were i n i t i a t e d .
The m ice  were p a i r e d  a g a i n s t  each o t h e r  In n e u t r a l  cages ,  i n . a  
room s e p a r a t e  f rom  t h e  one in  wh ich  t h e y  were  housed.  A g g r e s s i v e n e s s  
was ju d g e d  by n o t i n g  wh ich  males c a r r i e d  t h e  a t t a c k  t o  t h e i r  o p p o n e n t ,  
t h e  amount o f  t i m e  e la p s e d  b e f o r e  an a t t a c k  was i n i t i a t e d  and t h e  e ven ­
t u a l  r e s o l u t i o n  o f  t h e  e n c o u n t e r .  The more a g g r e s s i v e  a p p e a r in g  a n i ­
mals were g i v e n  a d d i t i o n a l  f i g h t e r  t r a i n i n g .  The more s u b m is s i v e  males 
were s u b j e c t e d  t o  a long s e r i e s  o f  d e f e a t s .  T h i s  a d d i t i o n a l  t r a i n i n g  
in  v i c t o r y  and d e f e a t  was done s i m u l t a n e o u s l y  by p l a c i n g  t h e  more sub ­
m i s s i v e  mouse i n t o  t h e  more a g g r e s s i v e  mouse’ s home cage.
S e l e c t i o n  and t r a i n i n g  c o n t i n u e d  f o r  7 weeks b e f o r e  i t  was p o s s i ­
b l e  t o  s e l e c t  9 m ice  o u t  o f  t h e  g ro up  o f  27 who c o u l d  be c o un te d  on 
t o  a t t a c k  as w e l l  as d e f e a t  most  o p p o n e n ts .  A l s o  s e l e c t e d  were 12 
m ic e  ju d g e d  t h e  most  s u b m is s i v e  o f  t h e  27 o r i g i n a l  m a le s .  W i th  t h e s e  
n in e  a g g r e s s i v e  and t w e l v e  s u b m is s i v e  m a le s ,  t o g e t h e r  w i t h  21 fe m a le s  
who had been housed in  g ro u p s  o f  t h r e e  s i n c e  w e a n in g ,  7 p o p u l a t i o n s  
were  a ssem b led :  two  Type A p o p u l a t i o n s  c o n s i s t i n g  o f  t h r e e  a g g r e s s i v e
males and t h r e e  fe m a le s  each ,  two  Type S p o p u l a t i o n s  c o n s i s t i n g  o f  t h r e e  
s u b m i s s i v e  males  and t h r e e  fem a le s  each ,  and t h r e e  Type DS p o p u l a t i o n s  
c o n s i s t i n g  o f  t h r e e  f e m a l e s ,  one a g g r e s s i v e  male  and two  s u b m is s i v e  
males  each .
Group I I .  -  S in c e  Group I had y i e l d e d  o n l y  enough a g g r e s s i v e  and 
s u b m is s i v e  a n i m a l s  f o r  7 p o p u l a t i o n s ,  a n o t h e r  g ro up  o f  14 m a le s ,  39 -44  
days o l d ,  was i s o l a t e d  f o r  24 d ays .  A f t e r  i s o l a t i o n ,  Group I I  u n d e r ­
wen t  t h e  same s e l e c t i o n  and t r a i n i n g  p r o c e d u r e s  as had been g i v e n  Group 
I ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e  members o f  Group I I  were  matched a g a i n s t
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each o t h e r  in  t h e  same^room in  wh ich  t h e y  were housed.  O n ly  17 days 
o f  s e l e c t i o n  and t r a i n i n g  were r e q u i r e d  w i t h  t h i s  g ro up  t o  p rodu ce  
f o u r  a g g r e s s i v e  and f i v e  s u b m is s i v e  m a les ,  enough t o  assemble  t h r e e  
a d d i t i o n a l  p o p u l a t i o n s :  A - 3 ,  S -3 ,  and DS-4.  The fe m a le s  used in  t h e s e  
l a s t  t h r e e  p o p u l a t i o n s  d i f f e r e d  f rom  t h e  fe m a le s  in  t h e  f i r s t  7 popu­
l a t i o n s  In t h a t  t h e y  had a l I  been mated p r i o r  t o  a s s e m b ly ,  and were  
p ro ven  In t h e i  r  f e r t I  I i t y  and t h e  i r  ab i I i  t y  t o  c a r e  f o r  t h e i  r  o f f s p r i  n g .
A t o t a l -  o f  10 p o p u l a t i o n s  were e v e n t u a l l y  assem b led :  t h r e e  Type
A p o p u l a t i o n s ,  t h r e e  Type S p o p u l a t i o n s ,  and f o u r  Type DS p o p u l a t i o n s .  
O b s e r v a t i o n s  were t a k e n  d u r i n g  t h e  f i r s t  two hours  a f t e r  assembly  and 
were c o n t i n u e d  each day ,  one hour,  a day ,  f o r  a p e r i o d  o f  t h r e e  mon ths .  
Records were k e p t  on :  a g g r e s s i v e  a c t i v i t y  o c c u r i n g  w i t h i n  t h e  p o p u la ­
t i o n s  as d e te r m in e d  by t h e  number o f  f i g h t s  and t h e  number o f  days on
wh ich  f i g h t i n g  was o b s e r v e d ;  t y p e  o f  dominance h i e r a r c h y  fo rmed and 
each i n d i v i d u a l ’ s ra n k  w i t h i n  t h e  h i e r a r c h y  as d e te r m in e d  by t h e  r e s u l t s  
o f  t h e  a g g r e s s i v e  e n c o u n t e r s  among t h e  m a le s ;  i n s t a b i l i t y  o f  t h e  s o c ­
i a l  s t r u c t u r e  as e v id e n c e d  by t h e  f r e q u e n c y  o f  s h i f t s  in  s o c i a l  s t a t u s  
o c c u r i n g  among t h e  ma le  members o f  t h e  p o p u l a t i o n s ;  and n a t a l i t y  and 
m o r t a l i t y  r a t e s  d ependen t  upon t o t a l  number o f  l i t t e r s  born  i n t o  a pop­
u l a t i o n ,  s i z e  o f  t h e  ' l i t t e r s ,  and number o f  l i t t e r s  t o  s u r v i v e .  L i t ­
t e r s  were re c o rd e d  as " s u r v i v i n g "  i f  a t  l e a s t  one pup rema ined  a l i v e  10 
days a f t e r -  b i r t h .  L i t t e r s  s u r v i v i n g  f o r  10 days were removed f ro m  t h e  
p o p u l a t i o n s  t o  keep t h e  number o f  a d u l t  m ice  in  each g roup  c o n s t a n t .
Upon t e r m i n a t i o n  o f  t h e  t h r e e  month p e r i o d  o f  o b s e r v a t i o n ,  t h e  
s p l e e n ,  th y m u s ,  h e a r t ,  t e s t e s ,  and p r e p u t i a l s  o f  each male  i n  t h e
f i r s t  7 p o p u l a t i o n s  (Group I )  were removed and w e ig he d .
RESULTS
BODY WEIGHTS OF AGGRESSIVE AND SUBMISSIVE MALES
T a b le  2 p r e s e n t s  t h e  body w e i g h t s  o f  t h e  s e l e c t e d  a g g r e s s i v e  and 
s u b m is s i v e  ma les f ro m  Group I .  Mean w e i g h t  on assembly  was 2 5 .3 2  gms 
f o r  t h e  a g g r e s s i v e  ma les and 2 3 .6 5  gms f o r  t h e  s u b m is s i v e  males  ( t  =
■5.28, p< .0 1 ,  r pb = . 7 5 ) .  Mean n e t  g a i n  in  body w e i g h t  f ro m  assem bly  
t o  t e r m i n a t i o n  o f  t h e  p o p u l a t i o n s  was g r e a t e r  f o r  t h e  s e l e c t e d  a g g r e s s i v e  
ma les  ( x  = 3 . 8  gms) t h a n  f o r  t h e  s u b m is s i v e  males (x  = 1.36 gms) ( t  = 
2 . 4 5 ,  p< .0 5 ,  r pb . = . 4 5 ) .
T a b l e  3 compares d i f f e r e n c e s  in- w e i g h t  g a i n  a c c o r d i n g  t o  t y p e  o f  
p o p u l a t i o n .  Ma les  in  t h e  two Type A p o p u l a t i o n s  g a in e d  t h e  most  w e i g h t  
w i t h  a mean n e t  g a i n  o f  4 . 0  gms. Ma les in  t h e  tw o  Type S p o p u l a t i o n s  
a c t u a 1 Iy  1o s t  w e i g h t , w i t h  a mean n e t  g a i n  o f  - . 3 1  gms. The d i f f e r -  
ence between t h e  Type A and Type S p o p u l a t i o n s  i s  s i g n i f i c a n t  ( t  =
2 . 7 9 ,  p< .0 5 ,  r pb = . 6 5 ) .
Body w e i g h t s  o f  t h e  a g g r e s s i v e  and s u b m is s i v e  males in  Group I I  
( p o p u l a t i o n s  A - 3 ,  S -3 ,  and DS-4) were g i v e n  in  T a b le  4.  Mean w e i g h t  
on assem b ly  was 2 1 .8 8  gms f o r  t h e  s e l e c t e d  a g g r e s s i v e  m a le s ,  and 2 0 .9 8  
gms f o r  t h e  s e l e c t e d  s u b m is s i v e  m a le s .  A l t h o u g h  f o u r  o f  t h e  f i v e  su b ­
m i s s i v e  ma les  we ighed le s s  t h a n  t h e  s m a l l e s t  a g g r e s s i v e  m a le ,  t h e  d i f f ­
e re n c e  between means was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
Male  A— 3 ( 1 )  was fo u n d  dead 13 days a f t e r  t h e  p o p u l a t i o n  was 
a ssem b led .  H is  r e p la c e m e n t  was found  dead two days l a t e r .  The second 
r e p la c e m e n t  was n o t  s e l e c t e d  f o r  h i s  a g g r e s s i v e n e s s ,  so t h a t  n e t  body
I 2
TABLE 2
BODY WEIGHTS ( IN  GRAMS) OF THE AGGRESSIVE AND SUBMISSIVE MALES 
IN GROUP I ON ASSEMBLY AND TERMINATION OF THE POPULATIONS
Group 1: 101-109 days o 1d on assembly
A g g r e s s i v e  Ma1es Subm i ssI ive  Ma1es
Ma 1 e
On
Assemb1y
i erm i n a 1 
W e ig h t
Net  
Ga i n Mia 1 e
On
Assemb1y
Term i n a 1 
We i g h t
Net  
Ga i n
A- ! ( 1 ) 2 5 .0 2 9 .5 4 .5 S - i (1 ) 2 3 .2 2 6 .2 3 .0
A - 1(2) 2 4 .2 2 7 .6 3 .4 S - l (2 ) 2 3 .7 2 5 .4 1 .7
A - i (3 ) 2 4 .8 2 6 .0 1 .2 S - I (3 ) 2 3 .4 19.6 - 3 . 8
A - 2 (1 ) 2 5 .3 3 0 .0 4 .7 S - 2 ( 1) 25.  1 2 6 .0 .9
A - 2 (2 ) 2 5 .3 3 1 .3 6 .0 S-2C2) 24.  1 18.7 - 5 . 4
A - 2 ( 3 ) 25.  1 2 9 . 3 4 . 2 S - 2 ( 3) 24.  1 2 5 .8 I .7
D S - 1(1) 2 6 .6 30.  r 3 .5 D S - 1(2) 2 5 .4 2 7 .6 2 .2
D S - 2 ( 1) 26.  1 2 9 .7 3 .6 D S - 1(3) 2 4 .5 2 7 .6 3.  1
DS -3 (1 ) 2 5 .9 2 9 .0 3.  ! DS-2 (2 ) 2 3 .2 2 8 .4 5 .2
DS -2 (3 ) 21 .8 2 6 .4 4 .6
DS-3 (2 ) 2 3 .2 2 5 .5 2 . 3
DS-3 (3 ) 2 3 .4 2 4 .2 .8
Mean 2 5 .3 7
S.D. .55
29.  17 
I .39 .24
2 3 .7 6
.78
25.  12 
2 .6 5
I .36  
2 .9 7
SIGNIFICANCE AND MAGNITUDE OF MEAN WEIGHT DIFFERENCES 
BETWEEN AGGRESSIVE AND SUBMISSIVE MALES
On
Assemb i y
+ r a t i o :  5 .2 8
p v a l u e <  .01
r pb = .75
Termi naI 
We i g h t
Net  
Ga i n
4 .3 2  2 .4 5
.01 .05
.70 .45
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TABLE 3
MEAN AND MEDIAN NET GAIN IN BODY WEIGHT AMONG 
THE MALES IN EACH OP THE FIRST 7 POPULATIONS
Mean W e ig h t  
on Assembly
Mean Wt. on 
Termi n a t i o n
Mean 
Net  Ga i n
Med i an 
Net  GaIn
A- 1 2 4 .6 7 2 7 .7 3 .0 3 3 .4
A-2 2 5 .2 3 3 0 .2 4 .9 7 4 .7
Group Mean 2 4 .9 5 2 8 .9 5 4 . 0 4 .0 5
S- I 2 3 .4 3 2 3 .7 3 .3 1 .7
S-2 2 4 .4 3 2 3 .5 0 -  .93 .9
Group Mean - 2 3 .9 3 2 3 .6 2 -  .31 1 .3
DS- 1 2 5 .5 2 8 .4 3 2 .9 3 3.  1
DS-2 2 3 .7 28.  17 4 .4 7 4 .6
DS-3 24.  17 2 6 .2 3 2 .0 6 2 .3
Group Mean 2 4 .4 6 27.61 3.  15 3 .3
SIGNIFICANCE AND MAGNITUDE OF MEAN WEIGHT DIFFERENCES 
BETWEEN TYPE A AND TYPE S POPULATIONS
t  r a t i o  = 2 .7 9  
p v a Iu e  < .05
r p b = -65
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TABLE 4
BODY WEIGHTS ( IN  GRAMS) OF THE AGGRESSIVE AND SUBMISSIVE MALES 
IN GROUP I I ON ASSEMBLY AND TERMINATION OF THE POPULATIONS
Group I I :  8 5 -8 6  days o l d  on assembly
A g g r e s s i v e  Males
On Termi naI Net
MaIe AssembIy We i g h t  Ga ? n
A - 3 ( 1)- 21 .3 *
A - 3 ( 2 ) 21 .8 2 9 .7 7 .9
A - 3 (3 ) 21 .3 2 7 .7 6 .4
D S -4 (1 ) 23.  1 26.  1 3 . 0
Mean -2 1 .8 8  2 7 .8 3  5 .7 7
S.D. .58  1.53 2 .0 4
S u b m is s iv e  Males
On Term i naI  Net  
Male Assembly W e ig h t  Gain
S - 3 ( 1) 2 0 .9 2 1 .2 .3
S - 3 ( 2 ) 2 0 .9 2 6 .6 5 .7
S - 3 ( 3 ) 18.8 2 5 .2 6 .4
DS--4 (2 ) 21.1 2 4 .8 3 .7
DS-4C3) 2 3 .2 2 6 .0 2 .8
2 0 .9 8  2 4 .7 6  3 .7 8
1.39 1.88 2 .1 7
*  Ma le  A—3 ( 1 )  fo u n d  dead 13 days a f t e r  t h e  p o p u l a t i o n  was assem b led .
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w e i g h t  g a i n  f o r  A— 3 ( 1 )  i s  n o t  g i v e n  in  T a b le  4 .  E x c lu d in g  A ~ 3 ( I ) ,  t h e  
mean n e t  g a i n  f ro m  assem bly  t o  t e r m i n a t i o n  o f  t h e  p o p u l a t i o n  f o r  t h e  
s e l e c t e d  a g g r e s s i v e  males was 5 .7 7  gms. Mean n e t  g a i n  f o r  t h e  s e l e c t e d  
s u b m is s i v e  ma les was 3 .7 8  gms.
AGGRESSION AND SOCIAL INSTABILITY
T a b l e  5 g i v e s  t h e  number o f  f i g h t s  won, l o s t ,  and u n r e s o l v e d  f o r  
each male in  each o f  t h e  10 p o p u l a t i o n s .  N o t  shown in  T a b l e  5 a r e  t h e  
de a th s  o f  two  males in  p o p u l a t i o n  A-3  t h a t  were a t t r i b u t e d  t o  t h e  agg­
r e s s i o n  o f  male  A - 3 ( 2 ) .
T a b l e  6 i s  in  p a r t  a summary o f  T a b le  5,  com par ing  t h e  t h r e e  t y p e s
o f  p o p u l a t i o n s  as t o  t o t a l  number o f  f i g h t s  and n u m b e r 'o f  days on wh ich
f i g h t i n g  was o b s e rv e d  t o  o c c u r .  The H - v a Iu e s  were o b t a i n e d  f ro m  t h e  
K r u s k a I I - W a I  I i s  one-way a n a l y s i s  o f  v a r i a n c e ,  t e s t i n g  f o r  d i f f e r e n c e s  
in  a g g r e s s i o n  between t h e  t h r e e  t y p e s  o f  p o p u l a t i o n s .  The p o p u l a t i o n  
t y p e s  d i f f e r e d  s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  bo th  t h e  number o f  f i g h t s  
and t h e  number o f  f i g h t i n g  d ays .  Type A p o p u l a t i o n s  were by f a r  t h e  
most  a g g r e s s i v e ,  w h i l e  Type S p o p u l a t i o n s  were t h e  l e a s t  a g g r e s s i v e .
S o c i a l  i n s t a b i l i t y ,  j u d g e d  e i t h e r  by t h e  p e r c e n ta g e  o f  f i g h t s  l o s t  
by t h e  d o m in a n t  m a Ie ,  p e r c e n ta g e  o f  u n r e s o l v e d  f i g h t s ,  o r  f r e q u e n c y  o f  
s h i f t s  i n  s o c i a l  s t a t u s  among t h e  male members o f  t h e  p o p u l a t i o n ,  showed 
no r e l a t i o n s h i p  t o  e i t h e r  a g g r e s s i o n  o r  t y p e  o f  p o p u l a t i o n .
The amount  o f  f i g h t i n g  o b s e rv e d  and t h e  number o f  s e l e c t e d  agg­
r e s s i v e  ma les  in  each p o p u l a t i o n  were p o s i t i v e l y  r e l a t e d ,  w i t h  a S pe a r ­
man r a n k  c o r r e l a t i o n  c o e f f i c i e n t  o f  .90  (p< .0 1 ) .
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POPULATION GROWTH
T a b le  7 summarizes  t h e  d a ta  on i n f a n t  n a t a l i t y  and m o r t a l i t y  o v e r  
90 days f o r  each o f  t h e  10 p o p u l a t i o n s .  Not  shown in  T a b le  7 is  t h e
dea th  o f  a p r e g n a n t  f e m a le  in  p o p u l a t i o n  A -2 ,  37 days a f t e r  as s e m b ly .
An a u to p s y  r e v e a le d  7 we I I  d eve lo p e d  f e t u s e s .  A n o t h e r  fe m a le  was i n ­
t r o d u c e d  t o  r e p l a c e  h e r .
Females in  Type A p o p u l a t i o n s  t o o k  l o n g e r  t o  d e l i v e r  t h e i r  f i r s t  
l i t t e r s  t h a n  t h e  fem a le s  in  Type S and Type DS p o p u l a t i o n s .  T a b l e  8 
compares t h e  fe m a le s  In each o f  t h e  10 p o p u l a t i o n s  w i t h  r e s p e c t  t o  t h e  
number o f  days a f t e r  assem b ly  b e f o r e  each fe m a le  d e l i v e r e d  h e r  f i r s t  
l i t t e r .  Females f ro m  p o p u l a t i o n s  S-I  and DS-3 were  e x c lu d e d  f ro m  t h e  
c o m p a r is on  s i n c e  o n l y  tw o  o t  t h e  t h r e e  fe m a les  in  each o f  t h e s e  popu­
l a t i o n s  e v e r  bo re  l i t t e r s .  Compar ing  t h e  g roup  mean o f  Type A p o p u l a ­
t i o n s  w i t h  t h e  combined g roup  means o f  Type S and Type DS p o p u l a t i o n s ,  
a s i g n i f i c a n t  d i f f e r e n c e  i s  fou n d  Ct = 8 . 0 1 ,  p< .0 0 1 ,  r  ^ = . 9 5 ) .
PHYSIOLOGICAL INDICANTS OF STRESS
T a b l e  9 p r e s e n t s  t h e  w e i g h t s  o f  t h e  s p l e e n ,  th y m u s ,  p r e p u t i a l s ,  
t e s t e s ,  and h e a r t  f o r  each male  in  each o f  t h e  f i r s t  7 p o p u l a t i o n s .
T a b l e  10 p r e s e n t s  t h e  o rg a n  w e i g h t s  r e l a t i v e  t o  t h e  i n i t i a l  body 
w e i g h t  f o r  each m a le .  T a b l e  I I  p r e s e n t s  t h e  o rg an  w e i g h t s  r e l a t i v e  t o  
t h e  t e r m i n a l  body w e i g h t  f o r  each m a le .
The t h r e e  t y p e s  o f  p o p u l a t i o n s  d i f f e r e d  s i g n i f i c a n t l y  w i t h  r e ­
s p e c t  t o  r e l a t i v e  h e a r t  w e i g h t  ( u s i n g  I n i t i a l  body w e i g h t ) .  Type A 
ma les  had t h e  l a r g e s t  h e a r t s ,  Type DS males had t h e  s m a l l e s t  h e a r t s  
( K ru ska I  I —Wa M i s  one-way a n a l y s i s  o f  v a r i a n c e ,  H = 10 .2 2 ,  p< . 0 1 ) .  
R e l a t i v e  w e i g h t s  o f  t h e  s p l e e n ,  t h y m us ,  p r e p u t i a l s ,  and t e s t e s  showed no
28
1 r " r-" CD o
CO ■=3"
Q
m
! UD cO O o
CO 'vt-
CO Qzo
— CM
i— 5 — o \ O o
< CO in_! Q
ZD
CL
O — 'fcs.
Q_ 1 r - O o
cry in
O Q
LU
JZ1—
■65-
Ll_ m o o o
O I o
cry —
6
c W5.
LU CN CN r-- o o
i m
CZ cryo
Ll
■feR.
CO .— — o o
> - l CN
< cryo
o
CJD
cz
LU ro ■N- r"~ o o> I '=3_o <
> -1— '&SC
— CN ■N" — o
_ l 1 CN CN
c <1—
czo ■EH3.
— CO — in m1 CXD
Q <
Z
> - CD
f— l .— CD CO CD
CO 4~ cz > > -
< C l 4 - .— . — 4 -
h - ZD . — —  > . —
< C l — L_ —
Z (U ZD CD
U ) CO M - CO 4 -1— CZ cz (_z .— . — 10 O O
< > > L- + - E
Ljl .— •— CD
Z > > 4 - i_
— L 4 - CD
zz ZD •— -{—
cr CO — + -
M— M - M - __o O o
-I—
L_ s_ s_ C
CD CD CD 0
. a J Z J Z o
E E E L_
ZD zy =5 0z Z z Q_
29
TABLE 8
NUMBER OF DAYS AFTER ASSEMBLY BEFORE EACH FEMALE 
DELIVERED HER FIRST LITTER
Fema1e 
1
Fema1e 
2
FemaIe 
3 Mean
A-  1 25 29 65 3 9 .6 7
A-2 24 37* 50 3 7 .0 0
A-3 23 32 49 3 4 .6 7
Group Mean 2 4 .0 0 3 2 .6 7 5 4 .67 37.  I I
S - l 31 39 * *
S-2 20 25 31 2 5 .3 3
S-3 2! 24 30 2 5 .0 0
Group Mean 2 0 .5 0 2 4 .5 0 3 0 .5 0 25.  17
DS- 1 20 23 25 22 .6 7
DS-2 20 24 29 2 4 .3 3
DS-3 24 25
DS-4 21 23 32 2 5 .3 3
Group Mean 2 0 .3 0 2 3 .3 0 2 8 .6 7 24.  1 I
Type A
vs
Types  DS & S
t  r a t i o  = 5.71 3 .7 6 4 .8 8 8.01
p v a 1ue < .01 .01 .01 .001
r pb .90 .80 .85 .95
*  P r e g n a n t fe m a le  fou nd  dead 37 days a f t e r p o p u 1 a t  i ons were assem-
b l e d .  A u to p sy  revea 1 ed 7 we 1 1 d e v e 1oped f e t u s e s .
* *  O n ly  2 o f t h e  3 fema 1 es bo re  1i t t e r s d u r  1ng t h e  t o t a 1 90 d ay s .
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TABLE 9
BODY WEIGHT IN GRAMS AND ORGAN WEIGHT IN MILLIGRAMS 
FOR EACH OF THE MALES IN THE FIRST 7 POPULATIONS
I n i t i a l  l e r m i n a l  P r e -
Ma 1 e Body Wt. Body Wt. S p 1een Thymus H e a r t p u t  i a 1s 1 e s te
A - l ( 1 ) * 2 5 .0 2 9 .5 7 0 .3 ! 4 3 .9 8 171.3 6 3 .9 3 2 3 5 .2
A - 1(2) 2 4 . 2 2 7 .6 135.52 3 5 .29 147.2 4 5 .9 7 127.4
A - i (3 ) 2 4 .8 2 6 . 0 6 3 .5 2 38.  16 156.9 5 5 .9 6 2 12 .7
A - 2 ( 1 ) 2 5 . 3 3 0 .0 77.  16 4 9 .9 5 152.5 7 3 .9 0 2 2 2 .2
A - 2 ( 2 ) 2 5 .3 31 .3 103.18 3 5 .39 171.9 9 5 .6 8 221 .5
A - 2 ( 3 ) * 25 .  I 2 9 .3 9 5 .7 4 41 .47 157.8 6 8 .0 9 2 3 5 .4
S - l  ( 1 ) 2 3 .2 2 6 .2 67.  1 5 3 5 .4 5  . 139.9 5 0 .2 4 9 0 .9
S - l (2 ) 2 3 .7 2 5 .4 6 9 .0 2 4 6 .5 3 1 17.4 50.71 2 0 2 .4
S - l ( 3 ) * 2 3 .4 19.6 107 .9 ! 19.5 ! 139.7 4 6 .3 2 6 9 .7
S—2( 1 ) 25.  1 2 6 .0 5 9 .28 39 .7 0 163.4 47.  12 2 2 3 .6
S - 2 ( 2 ) * 24.  I 18.7 109.63 7 .6 8 151.9 2 2 .8 0 2 2 6 .2
S - 2 ( 3) 24 .  1 2 5 .8 00 41 .96 120.8 5 6 .3 0 242.  1
D S - 1 ( 1 ) * 2 6 .6 30.  1 9 4 .0 3 4 3 .3 7 141.4 5 2 .7 4 226.  I
D S - ! ( 2 ) 2 5 .4 2 7 .6 6 3 .7 8 35 .0 8 1 13.3 6 3 .0 4 6 7 .6
D S - i (3 ) 2 4 .5 2 7 .6 6 8 .2 7 4 2 .0 7 131.9 5 7 .2 7 2 5 2 .6
D S - 2 ( 1 ) * 26 .  1 2 9 .7 125.91 2 0 .7 149.8 61 .22 238 .  1
D S -2 (2 ) 2 3 .2 2 8 .4 9 0 .67 31 .86 133. 1 3 8 .3 3 7 8 .2
D S -2 (3 ) 21 .8 2 6 .4 8 5 .0 0 2 6 .2 2 121 . I 5 0 .8 6 161 .4
D S - 3 ( 1 ) * 2 5 .9 2 9 .0 8 3 .2 8 39.91 148.2 5 9 .77 251 .9
D S -3 (2) 2 3 .2 2 5 .5 5 4 .0 4 3 7 .30 133.4 8 0 .7 4 2 23 .5
D S - 3 ( 3) 2 3 .4 2 4 .2 4 8 .2 3 3 3 .67 123.8 6 2 .5 ! 194.6
*  M a le  w i n n i n g  t h e  g r e a t e s t  p e r c e n t a g e  o f  f i g h t s  i n  h i s  p o p u l a t i o n .
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TABLE 10
ORGAN WEIGHTS IN PERCENT IN IT IA L  BODY WEIGHT FOR EACH 
OF THE MALES IN THE FIRST 7 POPULATIONS
Ma 1 e S p 1een Thymus T e s te s H e a r t P r e p u t
A - l ( 1 ) * .281 . 176 .940 .685 .256
A - l ( 2 ) .560 . 146 .526 .608 . 190
A - l ( 3 ) .256 .154 .858 .633 .226
A - 2 ( 1 ) .305 .197 .878 .603 .292
A - 2 ( 2 ) .408 . 140 .875 .679 .378
A - 2 ( 3 ) * .381 . 165 .938 .629 .271
S - l  ( 1 ) .289  • . 153 .392 .603 .217
S - l ( 2 ) .291 . 196 .854 .495 .214
S - l ( 3 ) * .461 .083 .298 .597 .198
S - 2 (1 ) .236 . 158 .891 .651 . 188
S - 2 ( 2 ) * .455 .032 .939 .630 .095
S - 2 ( 3) .281 .174 1 .005 .501 .234
DS-I  ( I ) * .353 .163 .850 .532 . 198
D S - i (2 ) .251 . 138 .266 .446 .248
D S - I (3 ) .279 .172 1 .031 .538 .234
DS-2C1 ) * .482 .079 .912 .574 .235
D S -2 (2 ) .391 .137 .337 ..574 . 165
DS-2C3) .390 .120 .740 .556 .233
D S - 3 ( 1 ) * .322 . 154 .973 .572 .231
DS-3C2) .233 .161 .963 .575 .348
D S -3 (3 ) .206 .144 .798 .529 .267
*  Male w in n in g  t h e  g r e a t e s t  pe rcen tage  o f  f i g h t s  in  h i s  p o p u la t i o n .
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TABLE I I
ORGAN WEIGHTS IN PERCENT TERMINAL BODY WEIGHT FOR EACH 
OF THE MALES IN THE FIRST 7 POPULATIONS
Ma 1 e S p 1een Thymus T e s te s H e a r t P r e p u t  i a 1s
A - l ( 1 ) * .238 . 149 .797 .581 .217
A - l (2 ) .491 . 128 .462 ,533 . 167
A - l (3 ) .244 .147 .818 .603 .215
A - 2 ( I ) .257 . 166 .741 .508 .246
A - 2 (2 ) .330 .113 .708 .549 .306
A -2 C 3 ) * .327 .141 .803 .539 .232
S - l (1 ) .256 .135 .347 .534 . 192
S - l (2 ) .272 . 183 .797 .462 .200
S - l ( 3 ) * .550 . 100 .356 .713 .236
S—2 C 1 ) .228 . 153 .860 .628 . 181
S -2 C 2 ) * .587 .041 1.210 .812 . 122
S -2 C 3 ) .263 . 163 .938 .468 .218
D S - I ( 1 ) * .312 . 144 .751 .470 . 175
D S - I ( 2 ) .231 . 127 .245 .41 1 .228
D S - I (3 ) .247 . 152 .915 .478 .208
DS-2C1 ) * .424 .070 .802 .504 .206
DS-2C2) .319 .112 .275 ,469 . 135
D S -2 (3 ) .322 .099 .61 1 .459 . 193
DS-3C1 >* .287 . 138 .869 .51 1 .206
D S -3 (2 ) .212 . 146 .876 .523 .317
DS-3C3) . 199 .139 .804 .512 .176
*  Male w in n in g  t h e  g r e a t e s t  pe rcen tage  o f  f i g h t s  in h i s  p o p u la t i o n .
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r e l a t i o n s h i p  t o  e i t h e r  t y p e  o f  p o p u l a t i o n  o r  s o c i a l  r a n k .  Thymus 
w e i g h t ,  r e l a t i v e  t o  i n i t i a l  body w e i g h t ,  c o r r e l a t e d  p o s i t i v e l y  w i t h  
n e t  body w e i g h t  g a i n  (P earson  r_ = . 5 8 ,  p< . 0 5 ) .
DISCUSSION
SELECTION AND TRAINING
D i f f e r e n c e s  between Group i and Group I I  in  l e n g t h  o f  t i m e  ne ce ss ­
a r y  t o  s e l e c t  and t r a i n  a g g r e s s i v e  and s u b m is s i v e  males  can be a t t r i b ­
u te d  t o  d i f f e r e n c e s  in  e n v i r o n m e n t a l  c o n d i t i o n s  u n de r  w h ic h  s e l e c t i o n  
and t r a i n i n g  t o o k  p l a c e .  Members o f  Group I were p a i r e d  a g a i n s t  each 
o t h e r  ip  a room s e p a r a t e  f ro m  t h e  one in  w h ich  t h e y  were  housed;  t h e s e  
tw o  rooms d i f f e r e d  w i t h  r e s p e c t  t o  soun ds ,  o d o r s ,  and l i g h t  i n t e n s i t y .  
Members o f  Group I I  were  matched a g a i n s t  each o t h e r  in  t h e  same room in  
w h ic h  t h e y  were housed.  The p o s s i b i  I i t y  t h a t  u n f a m i l i a r  s t i m u l i  may 
i n h i b i t  a g g r e s s i o n  has r e c e i v e d  some s u p p o r t  f ro m  p a s t  r e s e a r c h  on 
t e r r i t o r i a  I i t y  and t h e  i n f l u e n c e  o f  t h e  home cage on f i g h t i n g  b e h a v i o r .  
U h r i c h  (1938)  r e p o r t e d  t h a t  m ice  l e f t  in  t h e i r  home cage  were  l i k e l y  
t o  have more s u c c e s s  in  f i g h t i n g  t h a n  m ice  who were removed f rom  t h e i r  
home cage .  P e t r u s e w i c z  (1959 )  r e p o r t e d  t h a t  m ice  were more a g g r e s s i v e  
i f  l e f t  in  t h e i r  home cage o r  in  t h e  p re s en c e  o f  t h e i r  own p o p u l a t i o n  
t h a n  i f  e i t h e r  were d e p r i v e d  them.  P h i l b r o o k  (1964)  f ou nd  t h a t  a p e r i o d  
o f  h a b i t u a t i o n  f a c i l i t a t e d  f i g h t e r  t r a i n i n g  in  a s t r a n g e  cage .
BODY WEIGHTS,OF, AGGRESSIVE AND SUBMISSIVE MALES
Males s e l e c t e d  and t r a i n e d  f o r  a g g r e s s i v e n e s s  were  fou nd  t o  we igh  
more on t h e  a v e rag e  t h a n  ma les  s e l e c t e d  and t r a i n e d  f o r  s u b m is s i v e n e s s .  
The a g g r e s s i v e  ma les  a l s o  te n d e d  t o  g a i n  more w e i g h t  w h i l e  in  t h e  pop-
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uI a t  io ns  t h a n  d i d  t h e  s u b m i s s i v e  m a le s ,  even th o u gh  more f i g h t i n g  
o c c u r e d  in  t h e  p o p u l a t i o n s  h o u s in g  t h e  a g g r e s s i v e  m a le s .  D a v is  and 
C h r i s t i a n  ( 1 9 5 7 ) ,  i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p s  between body w e i g h t ,  
a d r e n a l  w e i g h t ,  and s o c i a l  r a n k  in  18 g ro u p s  o f  6 male  m ice  e ach ,  r e ­
p o r t e d  t h a t  a l l  b u t  t h e  t o p  r a n k i n g  mouse averaged  a w e i g h t  lo s s  d u r i n g  
t h e  10 day p e r i o d  o f  g r o u p i n g .  They a l s o  r e p o r t e d  in c r e a s e d  a d r e n a l  
w e i g h t s  w i t h  d e c r e a s i n g  s o c i a l  r a n k ,  and s u gg e s te d  t h a t  low r a n k i n g  
m ice  a re  s u b j e c t e d  t o  more physic,a  I and p s y c h o l o g i c a l  s t r e s s i n g  s t i m u l i .  
T h i s  s u g g e s t i o n  wou ld  a c c o u n t  f o r  t h e  w e i g h t  d i f f e r e n c e s  between t h e  
a g g r e s s i v e  and s u b m is s i v e  ma les  o b t a i n e d  a f t e r  t h e  t r a i n i n g  p r o c e d u r e s ,  
w h ich  i n v o l v e d  s u b j e c t i n g  t h e  s e l e c t e d  s u b m is s i v e  ma les  t o  a s e r i e s  o f  
d e f e a t s  by t h e  a g g r e s s i v e  m a le s .  However,  f i n d i n g  t h a t  t h e  a g g r e s s ­
i v e  ma les  g a in e d  more w e i g h t  in  t h e  Type A p o p u l a t i o n s  t h a n  t h e  su b ­
m i s s i v e  ma les  d i d  i n  t h e  Type S p o p u l a t i o n s  s u g g e s ts  t h a t  w e i g h t  lo s s  
i s  n o t  n e c e s s a r i I y  t h e  consequence  o f  p h y s i c a l  s t r e s s i n g  s t i m u l i ,  e x ­
c e p t  in  t h e  case  where an an im a l  has been s e v e r e l y  i n j u r e d .
I f  d i f f e r e n t i a l  w e i g h t  g a i n  i s  t h e n  t h e  r e s u l t  o f  p s y c h o l o g i c a l  
s t r e s s ,  t h i s  wou ld  mean t h a t  t h e  ma les  in  Type S p o p u l a t i o n s  were p s y ­
cho I og i ca 1.1 y more s t r e s s e d  t h a n  t h e  males  in  Type A p o p u l a t i o n s ,  de­
s p i t e  t h e  g r e a t e r  f i g h t i n g  e x h i b i t e d  by t h e  Type A p o p u l a t i o n s .  G r e a t e r  
p s y c h o l o g i c a l  s t r e s s  among t h e  ma le  members o f  Type S p o p u l a t i o n s  
c o u l d  r e s u l t  f r o m  i n h e r e n t  f a c t o r s  w h ich  i n f l u e n c e  b o th  an a n i m a l ’ s agg­
r e s s i v e  b e h a v i o r  and h i s  s u s c e p t i b i l i t y  t o  s t r e s s f u l  s t i m u l i ,  o r  i n d i ­
v i d u a l s  may t e n d  t o  be more s u b m i s s i v e  because t h e y  a re  more s u s c e p t i ­
b l e  t o  s t r e s s f u l  s t i m u l i .  T h i s  wou ld  s u g g e s t  t h a t  d i f f e r e n t i a l  s t r e s s  
re sp o n se s  between t h e  d o m in a n t  and s u b m is s i v e  members o f  a g ro up  ( c f .  
D a v is  and C h r i s t i a n ,  1957) a r e  n o t  so much a f u n c t i o n  o f  s o c i a l  s t a t u s
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as t h e y  a r e  o f  i n h e r e n t  d i f f e r e n c e s  in  s u s c e p t i b i l i t y  t o  s t r e s s .  An 
a l t e r n a t e  e x p l a n t i o n  t o  a c c o u n t  f o r  t h e s e  w e i g h t  d i f f e r e n c e s  is  t h a t  
t h e  n a t u r a l l y  a g g r e s s i v e  males  may be p r e d i s p o s e d  t o  g r e a t e r  body 
w e i g h t s  t h r o u g h  f a c t o r s  i n d e p e n d e n t  o f  p h y s i c a l  and p s y c h o l o g i c a l  
s t r e s s .
AGGRESSION AND SOCIAL INSTABILITY
The p r e s e n t  s t u d y  shows t h a t  a g g r e s s i o n  can be v a r i e d  in d e p e n d ­
e n t l y  o f  p o p u l a t i o n  s i z e  by v a r y i n g  t h e  number o f  a g g r e s s i v e  t o  sub­
m i s s i v e  ma les  w i t h i n  a p o p u l a t i o n .  P o p u l a t i o n s  o f  Type A, assembled 
w i t h  t h r e e  s e l e c t e d  a g g r e s s i v e  m a le s ,  were more a g g r e s s i v e  t h a n  p o p u l a ­
t i o n s  o f  Type DS, w h ich  were composed o f  o n l y  one s e l e c t e d  a g g r e s s i v e  
ma le  and two  s u b m is s i v e  m a le s .  In t u r n ,  Type DS p o p u l a t i o n s  were more 
a g g r e s s i v e  t h a n  Type S p o p u l a t i o n s ,  wh ich  were assembled  w i t h  o n l y  sub ­
m i s s i v e  ma I e s .
Perhaps  i t  i s  m i s l e a d i n g  t o  c a l l  Type A p o p u l a t i o n s  " a g g r e s s i v e  
p o p u l a t i o n s " ,  s i n c e  in  each o f  t h e  t h r e e  Type A p o p u l a t i o n s  a s i n g l e  
d o m in a n t  ma le  was i n v o l v e d  in  88-96% o f  t h e  t o t a l  o b s e rv e d  f i g h t s ,  t h e  
g r e a t  m a j o r i t y  b e ing  i n i t i a t e d  by h im .  T h i s  poses an i n t e r e s t i n g  p r o ­
b lem.  The g r e a t e r  t h e  number o f  s e l e c t e d  a g g r e s s i v e  ma les  in  t h e s e  
p o p u l a t i o n s ,  t h e  g r e a t e r  t h e  r e s u l t a n t  l e v e l  o f  a g g r e s s i o n .  However ,  
f i g h t s  a r e  i n i t i a t e d  a l m o s t  e x c l u s i v e l y  by a s i n g l e  d o m in a n t  m a le .  In 
p o p u l a t i o n s  DS-I  and DS-3 a s i m i l a r  s i t u a t i o n  i s  p r e s e n t ,  w i t h  t h e  s e l ­
e c t e d  a g g r e s s i v e  male  assum ing  dominance  and I n i t i a t i n g  a lm o s t  e v e r y  
f i g h t .  In s p i t e  o f  t h e  s i m i l a r i t i e s  between t h e  d o m in a n t  maIes  in  t h e  
t h r e e  Type A p o p u l a t i o n s  and t h e  d o m in a n t  ma les  i n  t h e  tw o  DS p o p u la ­
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t i o n s ,  a f a r  g r e a t e r  number o f  f i g h t s  o c c u r  in  t h e  t h r e e  Type A p o p u l a -  
t  i o n s .
One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  in  o b s e rv e d  number 
o f  f i g h t s  i s  t o  a t t r i b u t e  g r e a t e r  a g g r e s s i o n  t o  g r e a t e r  s o c i a l  i n s t a ­
b i l i t y  i n  t h e  Type A p o p u l a t i o n s .  In DS-I and DS-3 t h e  s e l e c t e d  agg­
r e s s i v e  male  assumed e x c l u s i v e  dominance o v e r  t h e  s e l e c t e d  s u b m is s i v e  
ma les  w i t h i n  two hou rs  a f t e r  t h e  p o p u l a t i o n s  were a ssem b led .  N e i t h e r  
d o m in a n t  ma le  was e v e r  d e f e a t e d  d u r i n g  t h e  l i f e  o f  t h e  p o p u l a t i o n ,  and 
t h e r e  were  o n l y  t h r e e  t o  f i v e  f i g h t s  i n v o l v i n g  t h e  d om ina n t  maie  in 
w h ich  t h e  outcome was i n c o n c l u s i v e .  in  Type A p o p u l a t i o n s  dominance 
was n o t  so e a s i l y  a c h i e v e d .  None o f  t h e  e v e n t u a l l y  d o m ina n t  males  
were a b l e  t o  assume e x c l u s i v e  dominance u n t i l  a t  l e a s t  t h e  second day 
a f t e r  a s s e m b ly .  On t h e - f i r s t  day o f  assem b ly  t h e  e v e n t u a l l y  d o m in a n t  
male  in  A - l  was bea ten  t w i c e ,  and i n v o l v e d  in  seven in c o n c I  u s i v e  f i g h t s  
w i t h  t h e  o t h e r  s e l e c t e d  a g g r e s s i v e  m a le s .  In p o p u l a t i o n  A-2  t h e  dom­
i n a n t  male  was b ea ten  o nce ,  and i n v o l v e d  in  f i v e  i n c o n c l u s i v e  f i g h t s  
on t h e  f i r s t  day .  On t h e  f i r s t  day A-3  was assembled  t h e r e  were 3 7 \ 
i n c o n c l u s i v e  f i g h t s  among t h e  t h r e e  s e l e c t e d  a g g r e s s i v e  m a le s .  The 
e v e n t u a l l y  d o m in a n t  male in  p o p u l a t i o n  A -3  d i d  n o t  assume dominance 
u n t i l  t h e  6 th  day a f t e r  t h e  p o p u l a t i o n  was assem b led .
An h y p o t h e s i s  t h a t  e a r l y  s o c i a l  i n s t a b i l i t y  e v e n t u a t e s  in  a more 
a g g r e s s i v e  d o m ina n t  male  wou ld  a c c o u n t  f o r  t h e  d i f f e r e n c e s  in  a g g r e s s ­
i v e n e s s  between t h e  d o m in a n t  males in  p o p u l a t i o n s  DS-I  and DS-3 and 
t h e  d o m in a n t  ma les  in  Type A p o p u l a t i o n s ,  b u t  i t  wou ld  n o t  e x p l a i n  t h e  
f a i l u r e  o f  t h e  more u n s t a b l e  DS-2 and DS-4 p o p u l a t i o n s  t o  e x h i b i t  a 
g r e a t e r  number o f  f i g h t s  t h a n  p o p u l a t i o n s  DS-I  and DS-3 ( T a b le s  4 & 5 ) .
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A n o t h e r  h y p o t h e s i s  t h a t  may a c c o u n t  f o r  t h e  g r e a t e r  a g g r e s s i v e n e s s  o f  
t h e  d o m in a n t  males  in  Type A p o p u l a t i o n s  i s  t h a t  t h e r e  i s  s i m p l y  a 
g r e a t e r  l i k e l y h o o d  o f  t h e r e  b e in g  an i n h e r e n t l y  more a g g r e s s i v e  ma le  in  
a p o p u l a t i o n  assembled  w i t h  t h r e e  s e l e c t e d  a g g r e s s i v e  m a le s ,  t h a n  in  a 
p o p u l a t i o n  assembled  w i t h  o n l y  one s e l e c t e d  a g g r e s s i v e  m a le .  The t h i r d  
p o s s i b i l i t y  i s  a c o m b i n a t i o n  o f  t h e  f i r s t  two  h y p o th e s e s ;  s o c i a l  i n ­
s t a b i l i t y  le ads  t o  g r e a t e r  a g g r e s s i o n  o n l y  i f  t h e r e  i s  an i n h e r e n t l y  
a g g r e s s i v e  ma le  in  t h e  h i e r a r c h y  t o  b e g in  w i t h .
The h y p o t h e s i s  t h a t  a g g r e s s i o n  i s  dependen t  upon t h e  number o f  i n ­
h e r e n t l y  a g g r e s s i v e  m a le s  w i t h i n  t h e  p o p u l a t i o n  c o u l d  e x p l a i n  p a s t  f i n d ­
in g s  t h a t  a l t h o u g h  a g g r e s s i o n  t e n d s  t o  i n c r e a s e  as p o p u l a t i o n  s i z e  i n ­
c r e a s e s ,  t h e  e f f e c t  i s  n o t  c o n s i s t e n t ,  and may r e f l e c t  t h e  f a c t  t h a t  t h e  
g r e a t e r  t h e  number o f  a n i m a l s  w i t h i n  a p o p u l a t i o n ,  t h e  g r e a t e r  t h e  p r o b ­
a b i l i t y  t h a t  i t  w i l l  c o n t a i n  i n h e r e n t l y  a g g r e s s i v e  m a le s .
POPULATION GROWTH
The o n l y  b e h a v i o r a l  mechanism o b s e r v e d . t o  l i m i t  p o p u l a t i o n  g ro w th  
d i r e c t l y  was canna.ba I i sm. T h i s  was n o t  r e l a t e d  t o  e i t h e r  t h e  Type o f  pop­
u l a t i o n  o r  t h e  amount  o f  a g g r e s s i o n  e x h i b i t e d  by a p o p u l a t i o n .  P o p u la ­
t i o n s  A - l  and S - 3 ,  one o f  t h e  mos t  a g g r e s s i v e  p o p u l a t i o n s  and t h e  l e a s t  
a g g r e s s i v e  p o p u l a t i o n ,  were  e f f e c t i v e l y  a t  a s y m p to te  d u r i n g  t h e  f i r s t  60 
days a f t e r  a s s e m b ly ,  w i t h  100% l i t t e r  m o r t a l i t y  due t o  c a n n a b a l i s m  in  bo th  
p o p u l a t i o n s .  The o n l y  l i t t e r  t o  s u r v i v e  in  A - l  was bo rn  69 days a f t e r  
a s s e m b ly ,  tw o  days a f t e r  t h e  s u s p e c te d  fe m a le  cannaba l  was removed f rom  
t h e  p o p u l a t i o n  and r e p l a c e d  by a n o t h e r  f e m a le .  Male  S - 3 ( 2 )  was a l s o  
o b s e rv e d  e a t i n g  l i v e ,  new -bo rn  pups .  However,  r e p l a c i n g  t h i s  cannaba l
39
c o u l d  n o t  be a c c o m p l i s h e d  w i t h o u t  d i s r u p t i n g  t h e  s o c i a l  r e l a t i o n s h i p s  
a l r e a d y  e s t a b l i s h e d  among t h e  ma les  in  p o p u l a t i o n  S -3 .  The o n l y  o t h e r  
p o p u l a t i o n  in  w h ic h  a l i t t e r  f a i l e d  t o  s u r v i v e  was p o p u l a t i o n  A - 2 .  A 
l i t t e r  born  73 days a f t e r  t h e  p o p u l a t i o n  was assembled  s u r v i v e d  f o r  
t h r e e  da ys ,  t h e n  v a n i s h e d  w i t h o u t  a t r a c e  on t h e  f o u r t h  day .  The 
d e s t r u c t i o n  o f  a c o m p le te  l i t t e r  in  such s h o r t  t i m e  s u g g e s ts  t h a t  i t  
was c a n n a b a I i  zed .
I f  c a n n a b a l i s m  had o c c u r e d  o n l y  in  t h e  more a g g r e s s i v e  p o p u l a t i o n s ,  
t h e n  th.e h y p o th e s e s  o f  Louch ,  P e t r u s e w i c z ,  and Brown, wou ld  have r e ­
c e i v e d  some s u p p o r t .  P e t r u s e w i c z  (1963 )  h y p o t h e s i z e d  t h a t  n o n - c o m p e t i ­
t i v e  f i g h t i n g  among t h e  ma les  w i l l  t r i g g e r  g e n e r a l  c a n n a b a l i s m .  Louch 
(1956) r e p o r t e d  a p o s i t i v e  r e l a t i o n s h i p  between a g g r e s s i o n  and t h e  con ­
s u m p t io n  o f  n e w -b o rn ,  and Brown (1953 )  s u g g e s ts  t h a t  c a n n a b a l i s m  may 
o c c u r  i f  n e s t  d e s t r u c t i o n ,  f i g h t s ,  and p h y s i c a l  h a rassm en t  in  g e n e r a l  
i n t e r f e r e  w i t h  m a te r n a l  b e h a v i o r .  However ,  t h e  f a c t  t h a t  c a n n a b a l i s m  
o c c u r e d  in  p o p u l a t i o n  S -3 ,  t h e  l e a s t  a g g r e s s i v e  o f  t h e  10 p o p u l a t i o n s ,  
s u g g e s ts  t h a t  e i t h e r  t h e r e  i s  no r e l a t i o n s h i p  between a g g r e s s i o n  and 
cannabaI  ism, o r  t h a t  o t h e r  f a c t o r s  in  a d d i t i o n  t o  a g g r e s s i o n  lead t o  
c a n n a b a I i  sm.
To d e t e r m i n e  i f  c a n n a b a l i s m  wou ld  o c c u r  in  t h e  absence o f  s t i m u l i  
i n t r i n s i c  t o  t h e  p o p u l a t i o n ,  t h e  fe m a le  cannaba l  was removed f ro m  pop­
u l a t i o n  A - l  w h i l e  p r e g n a n t  and p la c e d  in  i s o l a t i o n .  A f t e r  d e l i v e r i n g  
h e r  l i t t e r  she p r o m p t l y  cannaba l  iz ed  i t .  She was k e p t  in  i s o l a t i o n  
a n o t h e r  t h r e e  weeks .  A ma le  was t h e n  i n t r o d u c e d  t o  h e r  cage u n t i l  she 
became p r e g n a n t ,  t h e n  removed.  Seven weeks a f t e r  h a v in g  been i s o l a t e d  
f r o m  p o p u l a t i o n  A - l  she d e l i v e r e d  h e r  second l i t t e r ,  and a g a in  consumed
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a l l  t h e  yo ung ,  l e a v i n g  l i t t l e  d o u b t  t h a t  f a c t o r s  o t h e r  t h a n  s o c i a l  
s t r i f e  a re  i m p o r t a n t  in  e l i c i t i n g  t h i s  c a n n a b a l i s m .  P o s s i b l e  causes 
o f  cannaba l  ism such as p r o t e i n  d e f i c i e n c y ,  low t e m p e r a t u r e s , and p a r a ­
s i t e s ,  do n o t  a pp e a r  t o  be r e l e v a n t  f a c t o r s  in  t h e  p r e s e n t  s t u d y .  The 
m ic e  were fed  s t a n d a r d  lab  chow ( P u r i  n a ) , t e m p e r a t u r e s  ranged f ro m  70 
t o  75 ,  and a n im a l s  f ro m  o u t s i d e  t h e  c o l o n y  were n e v e r  p e r m i t t e d  c o n t a c t  
w i t h  t h e  p o p u l a t i o n s .
Perhaps  t h e  i n c r e a s e d  i n c i d e n c e  o f  c a n n a b a l i s m  t h a t  i s  o b s e rv e d  t o  
t a k e  p l a c e  as p o p u l a t i o n  s i z e  i n c r e a s e s  r e f l e c t s  t h e  i n c r e a s e d  I i k e  I y -  
hood t h a t  random ly  o c c u r i n g  numbers o f  i n d i v i d u a l s  w i t h  i n h e r e n t  t e n d e n ­
c i e s  to w a r d  c a n n a b a l i s m  w i l l  be p r e s e n t .
A n o t h e r  f a c t o r  w h ich  l i m i t e d  g ro w th  p o t e n t i a l  in  tw o  o f  t h e  popu­
l a t i o n s  was t h e  p re s e n c e  o f  n o n p r o d u c t i v e  f e m a l e s .  In p o p u l a t i o n s  S - l  
and DS-3,  o n l y  tw o  o f  t h e  t h r e e  fe m a le s  in  each p o p u l a t i o n  e v e r  bo re  
l i t t e r s  d u r i n g  t h e  90 days o b s e r v a t i o n s  were t a k e n .  However ,  f a i l u r e  
t o  c o n t r o l  t h i s  a s p e c t  o f  t h e  e x p e r i m e n t  a d e q u a t e l y  makes i t  d i f f i c u l t  
t o  i n t e r p r e t  t h e s e  r e s u l t s ,  o r  t h e  d a ta  on n a t a l i t y  and m o r t a l i t y  p r e ­
s e n te d  in  T a b l e  7.. The f e m a le s  p la c e d  in  p o p u l a t i o n s  A - l ,  A - 2 ,  S - l ,
S - 2 ,  D S - I ,  DS-2,  DS-3,  were  u n t e s t e d  f o r  t h e i r  f e r t i l i t y  and t h e i r  
a b i l i t y  t o  c a r e  f o r  t h e i r  l i t t e r s  s u c c e s s f u l l y .  W i t h o u t  knowledge o f  
t h e  f e m a l e ' s  r e p r o d u c t i v e  p e r fo r m a n c e  p r i o r  t o  h e r  i n t r o d u c t i o n  t o  a 
p o p u l a t i o n ,  an a c c u r a t e  ju d g e m e n t  c a n n o t  be made as t o  t h e  e f f e c t s  o f  
t h e  p o p u l a t i o n  on h e r  l a t e r  r e p r o d u c t i v e  p e r fo r m a n c e .
E v id e n c e  was fo u n d  t h a t  a g g r e s s i o n  w i l l  s u p p re s s  r e p r o d u c t i v e  
a c t i v i t y  a t  l e a s t  t e m p o r a r i l y .  The fe m a le s  in  t h e  Type A p o p u l a t i o n s  
t o o k ,  on t h e  a v e r a g e ,  12 days l o n g e r  t o  d e l i v e r  t h e i r  f i r s t  l i t t e r s
t h a n  t h e  fe m a le s  in  Type S and DS p o p u l a t i o n s .  These t e m p o r a r y  e f f e c t s  
on m a tu re  fe m a le s  may r e s u l t  in  more pe rmanen t  e f f e c t s  on immature  
f e m a l e s .  Terman (1965)  w o r k in g  w i t h  p o p u l a t i o n s  o f  p r a i r i e  d ee rm ice  
r e p o r t s  t h a t  o f  t h e  31 fe m a le s  used t o  found  8 f r e e  g r o w in g  p o p u l a t i o n s ,  
38$ became p r e g n a n t  in  t h e  p o p u l a t i o n s .  In c o n t r a s t ,  o f  t h e  49 fe m a le s  
born  i n t o  t h e  p o p u l a t i o n s  and l i v i n g  a minimum o f  90 days o n l y  t h r e e ,  o r  
6 .1 $  p roduce d  yo un g .  C h r i s t i a n  (1965 )  a l s o  p r e s e n t s  e v i d e n c e  f o r  t h e  
g r e a t e r  s e l e c t i o n  e f f e c t s  o f  s t r e s s  on t h e  young and s u b m is s i v e  a n i m a l s  
in  p r o d u c i n g  i n h i b i t i o n  o f  m a t u r a t i o n ,  d i m i n i s h e d  f e r t i l i t y ,  i n c r e a s e d  
i n t r a - u t e r i n e  m o r t a l i t y ,  and d e v e lo p m e n ta l  a b n o r m a l i t i e s .
PHYSIOLOGICAL INDICANTS OF STRESS
F a i l u r e  t o  o b t a i n  any m e a n in g fu l  c o r r e l a t i o n s  between t h e  b e h a v i o r a l  
o b s e r v a t i o n s  o f  a g g r e s s i o n ,  s o c i a l  r a n k ,  o r  t y p e  o f  p o p u l a t i o n ,  and o rg a n  
w e i g h t s  assumed t o  r e f l e c t  p h y s i o l o g i c a l  re sp o n se s  t o  s t r e s s ,  s u g g e s ts  
t h a t  t h e  w e i g h t s  o f  t h e  s p l e e n ,  t hym u s ,  t e s t e s ,  and p r e p u t i a l s  a r e  n o t  
s e n s i t i v e  a n d / o r  r e l i a b l e  measures o f  d i f f e r e n t i a l  s t r e s s  assumed t o  
r e s u l t  f r o m  d i f f e r e n c e s  in  a g g r e s s i o n ,  s o c i a l  r a n k ,  o r  g r o u p i n g s  employed 
i n  t h i s  s t u d y .  The a d r e n a l s  o f  t h e  ma les  in  t h i s  s t u d y  were n o t  we ighed  
because  t o o  many were c ru s h e d  o r  b ro ken  d u r i n g  c l e a n i n g .
SUMMARY
In summary,  t h e  p r e s e n t  s t u d y  has d e m o n s t ra te d  t h a t  i t  i s  p o s s i b l e  
t o  exam ine  s y s t e m a t i c a l l y  t h e  r e l a t i o n s h i p s  between s o c i a l  b e h a v i o r  and 
mechanisms l i m i t i n g  p o p u l a t i o n  g ro w th  by a s s e m b l i n g  p o p u l a t i o n s  o f  p r e ­
d e te r m i n e d  c o m p o s i t o n .  In c o n t r a s t  t o  t h e  t y p i c a l  method o f  o b s e r v i n g
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f r e e  g r o w in g  p o p u l a t i o n s  o f  m ic e ,  t h e  m a jo r  a d v a n ta g e  o f  t h e  p r e s e n t  
d e s ig n  i s  t h a t  i t  a l l o w s  t h e  e x p e r i m e n t e r  t o  m a n i p u l a t e  such v a r i a b l e s  
as t h e  s i z e  o f  t h e  p o p u l a t i o n ,  age g r o u p i n g s  w i t h i n  t h e  p o p u l a t i o n s ,  
r a t i o  o f  males  t o  f e m a l e s ,  r a t i o  o f  a g g r e s s i v e  t o  s u b m i s s i v e  a n i m a l s ,  
and t h e  e f f e c t s ' o f  v a r i o u s  k i n d s  o f  e a r l y  e x p e r i e n c e s  t h a t  may be r e l e ­
v a n t  t o  p o p u l a t i o n  a s y m p to t e s .
W h i l e  i t  i s  o b v i o u s  t h a t  t h e  p r e s e n t  s t u d y  d i d  n o t  b e g in  t o  t a k e  
a d v a n ta g e  o f  a l l  t h e  p o t e n t i a l s  i n h e r e n t  in  t h e  b a s i c  d e s i g n ,  n o r  ach ­
ie v e  a l l  I t s  s t a t e d  g o a l s ,  t h e r e  were  f o u r  r e s u l t s  w o r t h  m e n t i o n i n g  
aga i n :
1. W i t h i n  t h e  ranges  i n v e s t i g a t e d  by t h i s  s t u d y ,  t h e  l e v e l  o f  a g g r e s s ­
io n  e x h i b i t e d  by a p o p u l a t i o n  was a p o s i t i v e  f u n c t i o n  o f  t h e  number 
o f  s e l e c t e d  a g g r e s s i v e  ma les  w i t h i n  t h e  p o p u l a t i o n ,  n o t  t h e  r e s u l t  
o f  s o c i a l  i n s t a b i l i t y  p e r  s e .
2 .  Females in  t h e  a g g r e s s i v e  p o p u l a t i o n s  t o o k  s i g n i f i c a n t l y  l o n g e r  t o  
become p r e g n a n t  t h a n  fe m a le s  in  t h e  le s s  a g g r e s s i v e  p o p u l a t i o n s ,  
w h ic h  lends  s u p p o r t  t o  t h e  c o n c e p t  t h a t  a g g r e s s i o n ,  m e d ia te d  by 
p h y s i o l o g i c a l  mechan isms,  can s u p p re s s  r e p r o d u c t i v e  f u n c t i o n s .
3.  S u b m is s i v e  ma les  g roup ed  t o g e t h e r  g a in e d  le s s  w e i g h t  t h a n  a g g r e s s ­
i v e  ma les  g ro u p e d  t o g e t h e r ,  s u g g e s t i n g  i n h e r e n t  i n d i v i d u a l  d i f f e r e n c e s .
4.  C a n n a b a l i s m ,  i n  t h i s  s t u d y ,  c o u l d  n o t  be a c c o u n te d  f o r  on t h e  b a s i s  
o f  a g g r e s s i o n  a l o n e .
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